Fertilization of grasses on the Great Plains and adjacent areas has been studied by several investigators in recent years. The literature contains numerous reports from these areas on the effect of fertilizers on yield and protein content of cultivated grasses. Anderson, et al. (1946) reported that bromegrass herbage yields increased with increasing nitrogen rates to approximately 100 pounds of nitrogen per acre. Beyond this rate, the fertilizer became less effective in stimulating yield but more effective in increasing protein percentages. Sneva, et al. (1958) found that yields and protein content of crested wheatgrass were increased by nitrogen rates up to 30 pounds of nitrogen per acre. Stitt, et al. (1955) and Whitman, et al. (1957) reported that crested wheat gr a s s yields were increased by nitrogen applications up to 150 and 200 pounds of nitrogen per acre, respectively. Stitt, et al. (1955) also found that protein percentages increased with increasing nitrogen rates. Kilcher (1958) and Stitt (1958) studying several grasses, concluded that crested wheatgrass showed the greatest response to nitrogen fertilizer with Russian wildrye responding somewhat less. Kilcher, who also used several sources of nit r 0 gen, found that yield increases of the grasses studied were not related to nitrogen source.
The present study was conducted at the Northern Great Plains Field Station, Mandan, North Dakota. The objectives were (1) to determine which fertilizer treatments would produce highest yields, (2) to determine the effect of various fertilizer treatments on protein and phosphorus content of the forage, and (3) to determine the percentage recovery of the applied nitrogen and phosphorus.
Experimental Plan and Procedure
This study involved s e v e n commercial fertilizer treatments (30-o-0, 30-30-0, 30-30-30, 60-o-0, 60-60-0, 60-60-60 , a n d 90-0-O pounds of N -P205 -K20 per acre, respectively); one barnyard manure treatment (15 tons per acre); and one no-fertilizer treatment (O-O-O). There were two randomized replications of each. The fertilizers were broadcast annually in late fall, except in the first and fourth year, when they were broadcast in the spring. The grasses used in this study were crested wheatgrass Yield data were collected during a 'I-year period and the hay was analyzed for protein and phosphorus for all years except the second and third. Recovery of applied fertilizer was calculated by individual years with no consideration given to previous fertilizer applications. Y e a r 1 y determinations were based on the increase in pounds of nitrogen (nitrates -included) or phosphorus per acre in the hay of the various fertilizer treatments over the pounds of nitrogen or phosphorus in the non-fertilized hay.
Results and Discussion
Plants receiving either commercial fertilizers or manure produced more and larger heads than those that were not fertilized.
There were also more tillers and leaves on the fertilized plants. In addition, fertilized or manured plants were deeper green in color. Height of all grasses was influenced only by nitrogen.
Grass height increased as the rate of application increased up to and including the 60 pound per acre rate.
Yields
Seven year average results (table 2) show that yield increases from each f e r t i 1 i z e r treatment were highest for crested wheatgrass followed in order by bromegrass and Russian wildrye. The application of barnyard manure p r o d u c e d highly signif icant increases in yields of all grasses. When commercial fertilizers were applied, response was largely due to nitrogen.
Yields from the 30-0-O treatment w e r e significantly higher than from the no-fertilizer treatment and were similar to those where manure had been applied. Where 60 pounds of nitrogen alone was applied, the yields were significantly greater than those from the 30 pound rate. The 90 pound rate of nitrogen produced significantly higher yields than the 60 pound rate with Russian wildrye only. It appeared that under the conditions of this study 60 pounds of nitrogen was sufficient for maximum production of crested wheatgrass and bromegrass, but at least 90 pounds of nitrogen was required for Russian wildrye. Apparently it is essential that large quantities of available nitrogen be present for high production of Russian wildrye. Although phosphorus, in combination with nitrogen, increased yields, nearly 300 pounds in some cases, over the nitrogen alone treatment, the increases were not significant at the .05 level. Potassium, in combination with nitrogen and phosphorus, resulted in no increase in yield over that of the nitrogen-phosphorus treatment.
Qualify
Information relative to the effect of manure and different rates of nitrogen phosphorus, It is evident from the results that commercial fertilizers in most instances had little effect on increasing the percentage phosphorus of the grass. Barnyard manure, however, was effective in increasing phosphorus percentage, which suggests that manure applied to hay land would be beneficial in increasing the phosphorus content of hay. Where grazing is practiced, the grasses may also be benefited by phosphorus in the manure deposits.
Fertilizer Recovery
Percentage recovery of applied nitrogen (table 4) shows that within all fertilizer treatments, the five-year average recovery was greatest for crested wheatgrass followed in order by bromegrass and Russian wildrye. The treatment resulting in the greatest nitrogen recovery varied slightly for the three grasses. Maximum percentage nitrogen recovery by crested wheatgrass and bromegrass was reached with the 60-60-o treatment, whereas, maximum recovery by Russian wildrye was obtained with the 60-60-60 treatment. It was noted that regardless of grass species maximum recovery was obtained when phosphorus accompanied nitrogen. The data indicate that the presence of phosphorus resulted in a more efficient use of fertilizer nitrogen by these grass species.
Progressive years of fertilization showed no effect on fertilizer recovery. The year in which recovery was greatest varied for fertilizer treatments and grass species, but the greatest recovery was obtained in either the first or fifth years of the study. These 2 years had growing season mean temperatures which were somewhat cooler. This suggests that in years of cool temperatures, when the release of soil nitrogen is low, grass may make more efficient use of fertilizer nitrogen. The low nitrogen recovery percentages obtained by these grasses show that they are very inefficient users of fertilizer nitrogen.
SMIKA, HAAS, AND ROGLER
Phosphorus recovery by the three grasses, not shown, was very low, averaging 10.6 percent. Russian wildrye and bromegrass recovery percentage for phosphorus were approximately the same (8.2 percent), while the percentage for crested wheatgrass was somewhat higher (13.0 percent).
Summary
Annual applications of barnyard manure, nitrogen, nitrogen plus phosphorus and nitrogen plus phosphorus plus potassium were made for a seven-year period to plots of crested wheatgrass, Russian wildrye, and bromegrass.
Herbage samples were collected and analyzed for nitrogen and phosphorus to determine protein and phosphorus content.
Yield increases from fertilizers for all grass species were largely attributed to nitrogen alone. Phosphorus in combination with nitrogen resulted in yields slightly greater than were obtained from the nitrogen alone treatments, but the differences were not significant.
Fifteen tons of manure was approximately equal to 30 pounds of nitrogen for increasing yield.
The greatest increase in protein content of the grasses occurred when nitrogen fertilizer was applied alone. Phosphorus, in combination with nitrogen fertilizer, decreased the percentage protein in most instances below that of the nitrogen alone treatment. When 15 tons of manure were applied, the protein content of the grass was nearly equal to that which received 30 pounds of nitrogen.
The phosphorus content of the hay was generally reduced as the rate of nitrogen alone applications increased. Phosphorus, at the 30-pound rate, in combination with nitrogen, increased the phosphorus content of the hay to above the non-fertilized level except for crested wheatgrass. Sixty pounds of phosphorus gave small or no increase above the percentage obtained by the 30-pound application, but did increase the phosphorus content of crested wheatgrass to that of the non-fertilized level. Fifteen tons of manure increased the phosphorus content of the hay of all three species more than any other treatment.
The greatest percentage recovery of applied nitrogen was made by crested wheatgrass. Successive years of fertilization had no effect on the percentage recovery of the applied nitrogen, but in years of cooler temperature, recovery was increased.
